The correct identification of
Biomphalaria snails are present in several countries of America and Africa, and some species serve as intermediate hosts for the trematode Schistosoma mansoni. In Brazil, ten species and one subspecies of Biomphalaria are known. However, only three species are naturally infected with S. mansoni: B. glabrata (Say, 1818) , B. tenagophila (Orbigny, 1835) and B. straminea (Dunker, 1848) while B. peregrina (Orbignyi, 1835) and B. amazonica Paraense, 1966 , based on experimental infection, are considered potential hosts of the parasite (Corrêa & Paraense 1971 , Paraense & Corrêa 1973 . In Argentina and Uruguay there are no reported cases of schistosomiasis mansoni. However, the presence of B. tenagophila, B. straminea, and B. peregrina in these countries (Paraense 1966 (Paraense , 1970 , the continuous extension of schistosomiasis mansoni to southernmost Brazil (Paraense 1987) , the recent finding of B. glabrata in Rio Grande do Sul , and the first detection of a focus of schistosomiasis in the same state (Graeff-Teixera et al. 1999) suggest the possibility of expansion of the disease from Brazil to the neighbour southern countries.
The extensive intraspecific variation of the morphological characteristics commonly used for identifying freshwater snails of medical importance, greatly complicates the classical identification (Paraense 1975a) . B. orbignyi Paraense, 1975 cannot be differentiated from B. peregrina neither by shell characteristics nor by the morphology of certain genital organs and has also been considered as a variety of B. peregrina by Orbigny (1837), as mentioned by Paraense (1975b) . This species was originally described in 25 localities from Argentina and was described as refractary to S. mansoni infection (Paraense 1975b) . It was also reported in Cuba by . Yong et al. (1991 Yong et al. ( , 1995 and reported that B. orbignyi is very similar to B. havanensis and isoenzymatic techniques were used as auxiliary tools to identify these snails. However, B. havanensis has been considered a potential intermediate host of S. mansoni (Richards 1963 , Malek 1985 .
B. peregrina is one of the most widespread planorbid species in the neotropical region (Paraense 1966 (Paraense , 1975a . Paraense and Deslandes (1957) reported that B. havanensis (mentioned as Taphius maya) is indistinguishable from B. peregrina by shell characteristics.
Later, Paraense and Deslandes (1958a) and Paraense (1966) discussed the morphological relations between these species.
B. oligoza Paraense, 1974 was studied by Paraense and Deslandes (1958b) as Tropicorbis philippianus and was found in four Brazilian states (Mato Grosso, Paraná type locality, Santa Catarina and Rio Grande do Sul) and in Córdoba Province, Argentina. This species is resistant to S. mansoni infection (Paraense pers. commun.) . Paraense (1974) stated that Brazilian specimens were incorrectly identified as Planorbis philippianus Dunker, 1848, (synonym of B. peregrina), and compared B. oligoza with B. orbignyi showing that these species can be distinguished only by some morphological characteristics (Paraense 1975b) .
The polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP) analysis of the internal transcribed spacer (ITS) region of the rDNA has been used for species identification in snails of the genus Oncomelania and Bulinus (Hope & McManus 1994 , Stothard et al. 1996 , Stothard & Rollinson 1997 . In previous studies, we have shown PCR-RFLP as a potential tool to identify several Biomphalaria species from Brazil and other regions from South America , Spatz et al. 1999 . In the present work, we report the use of this technique for specific identification of B. oligoza, B. peregrina and B. orbignyi from different localities of Brazil, Argentina and Uruguay. We have also used restriction profiles to estimate genetic similarities among these species.
MATERIALS AND METHODS
Snail samples and morphological identification -The studies were undertaken using samples of field populations from Argentina, Brazil and Uruguay (Table) . Ten specimens of each population were killed and fixed (Deslandes 1951 , Paraense 1976 . Before fixing the specimens, their foot was removed for subsequent DNA extraction. Fixed specimens were identified by means of comparative morphology of the reproductive organs and shells, according to Paraense and Deslandes (1958a) , and Paraense (1974 Paraense ( , 1975a . In addition, snails identified as B. havanensis (Pfeiffer, 1839) , obtained from three different localities in Cuba and maintained in the Departamento de Malacología, Instituto Pedro Kouri, Havana, Cuba, were included in this study.
DNA extraction -Total DNA was extracted from the foot of each snail using the Wizard Genomic DNA Purification Kit (Promega) as described by Vidigal et al. (2000) .
PCR-RFLP analysis -The entire ITS (which includes the 5.8S rDNA gene together with the flanking ITS1 and ITS2 spacers) was amplified using the primers ETTS2 (5-TAACAAGGTTT CCGTAGGTGAA-3) and ETTS1 (5-TGCTTAA GTTCAGCGGGT-3) (Kane & Rollinson 1994) . The PCR amplification conditions were the same as used by Vidigal et al. (1998) . Several enzymes used in our previous studies with Biomphalaria snails , Spatz et al. 1999 were tested: AluI, (New England Biolabs, USA), DdeI, HaeIII, RsaI, Hap II (Promega) and MvaI (Boehringer Mannheim). Digestion and RFLP analysis were performed as described by Vidigal et al. (1998) . The localities and number of specimens used for the molecular analysis are shown in the Table. Quantitative analysis of the restriction profiles -The bands observed in each lane of the gels, produced with the six enzymes, were compared with all the other lanes of the same gel. A matrix of taxon/character were constructed on the basis of presence/absence of each band, where only easily visible bands were scored and minor less intensely staining bands were ignored. The percentage of shared bands was calculated using the Similarity Coefficient of Dice (Dice 1945 ) and NTSYS-PC program, Version 2.0 (Rohlf 1992) . These data were clustered with UPGMA, Unweighted Pair Group Method Analysis (Sneath & Sokal 1962) and used for the construction of the phenetic tree. The comparison was made among individual snails of the same species from different localities and among snails from different species. The average similarity among all the individuals was calculated and marked on the tree as the phenon line. Divergence below the phenon line indicates separation of distinct groups. The genetic distance was calculated using the coefficient of Nei and Li (1979) and Treecon for Windows program (Version 1.2, Van de Peer & De Wachter 1994) . These data were clustered with UPGMA and Neighbour-joining, NJ (Saitou & Nei 1987 , Studier & Keppler 1988 and used for the construction of genetic distance trees. The reliability of the UPGMA and NJ distance trees were assessed by the bootstrap method (Felsenstein 1985) with 1,000 pseudoreplications. Only bootstrap values higher than 70% were considered significant (Hillis & Huelsenbeck 1992 ) and values higher than 50% were shown in the trees. Restriction profile analysis -After morphological identification, snails were submitted to molecular analysis. The PCR amplification of the Biomphalaria ITS region with the primers ETTS2 and ETTS1 resulted in a product of approximately 1 kb for B. oligoza and B. peregrina ) and 1.3 kb for B. orbignyi (data not shown). Fig. 1 shows the rDNA ITS restriction profiles of representative specimens of B. peregrina from Brazil (lanes 1 to 3), Argentina (lanes 4 and 5, 8 to 11), and Uruguay (lanes 6 and 7); B. oligoza from Brazil (lanes 12 to 15) and Argentina (lanes 16 to 19); and B. orbignyi from Argentina (lanes 20 to 42), produced by the digestion with MvaI (Fig. 1A) , Hae III (Fig. 1B) , which exhibit the most promising profiles for specific identification of the three species. The MvaI produced two distinct profiles for B. peregrina and B. oligoza snails. The profiles showed two clear fragments for B. peregrina and B. oligoza, although some polymporhism can be observed (lanes 6, 7, 9). These profiles exhibit (a) one fragment of 700 bp approximately, shared among B. peregrina and B. oligoza specimens; (b) one fragment of approximately 300 bp (P1) for B. peregrina snails; and (c) one fragment for B. oligoza of 200 bp approximately (O1). However, this enzyme produced two polimorphic profiles for B. orbignyi specimens (profile 1: lanes 20 to 35; profile 2: lanes 36 to 42). The profiles produced with HaeIII (Fig. 1B) were more complex than those produced with MvaI and also showed polymorphism among the B. peregrina snails (lanes 1 to 11). Although the profiles obtained for B. peregrina snails from Brazil, Argentina and Uruguay were distinct, two bands (120 bp, approximately) were shared among all B. peregrina specimens. HaeIII produced a clear species-specific pattern for B. oligoza (lanes 12 to 19) with six fragments (two of them are species-specific, see arrows in the Fig. 1B ). For B. orbignyi (lanes 20 to 42), the HaeIII profiles showed some polymorphism, but at least five fragments were shared among all snails belonging to this species.
RESULTS

Morphological identification of the snail populations -Results of morphological identifications of the snails are shown in the
By the analysis of the profiles obtained with HpaII enzyme (data not shown) three points can be noted: (a) profiles for B. peregrina from Córdoba and B. oligoza were similar; (b) the other B. peregrina showed some polymorphic bands and some bands shared by B. oligoza. However, one fragment of approximately 290 bp was shared among most of B. peregrina specimens (except the specimens from Córdoba); and (c) this enzyme allowed the separation of B. orbignyi from B. oligoza and B. peregrina, although some interpopulational polymorphism was observed.
The enzyme AluI (data not shown) showed similar profiles for B. peregrina and B. oligoza and some polymorphism for B. peregrina. Due to Analysis of the similarity among species -The similarity and distance analysis were performed using a taxon character matrix previously constructed using the 146 bands obtained with the six restriction enzymes used. The trees, obtained using Dice (Fig. 3 ) and Nei and Li coefficients (data not shown) and UPGMA cluster, show the genetic similarity and distance among the three species analyzed. Both trees exhibit similar topology. In Fig. 3 centage of bands shared among all the possible pairs was 54% and is represented in the dendrogram (Fig. 3) by the dotted line (phenon line), which supports the presence of the three groups composed by B. peregrina, B. oligoza and B. orbignyi. In the distance tree obtained with Nei and Li coefficients two main clusters can be observed, one composed of B. peregrina and B. oligoza and another with B. orbignyi, supported by a high bootstrap value (100%). We have found that in most cases, individuals from the same locality cluster together and that these branches were supported by bootstrap values over 70%. These two main clades were also confirmed with a high statistical reliability when NJ cluster with Nei and Li distance (1979) and 1,000 pseudoreplications were used (data not shown). This tree reinforced the closer relation between B. peregrina and B. oligoza by a high bootstrap value (100%). B. orbignyi cluster was also supported by a high bootstrap value (100%).
DISCUSSION
The PCR and RFLP analysis of the internal transcribed spacer region, used here, has been useful in systematic studies of Biomphalaria snails to assist the classical morphological identification and to estimate genetic similarities among Biomphalaria species. Using this technique studied and confirmed the B. straminea complex proposed by Paraense (1988) based on morphological similarities among B. straminea, B. kuhniana and B. intermedia. Also using this methodology, Spatz et al. (1999) proposed the B. tenagophila complex due to the morphological and molecular similarities among B. t. tenagophila, B. t. guaibensis, and B. occidentalis. Caldeira et al. (2000) also using PCR-RFLP studied B. prona populations from Lake Valencia (Venezuela) and outside this lake, in which morphological differences had been previously described by Paraense et al. (1992) . The first authors observed that in spite of these differences, similar profiles were generated for both populations. This molecular data provide support to this group suggested by Paraense et al. (1992) and revealed to be an useful tool for studying species with great phenotypic plasticity. After testing several enzymes, Vidigal et al. (2000) showed that specific separation between Brazilian populations of B. oligoza and B. peregrina became difficult due to the similarity of the profiles generated by this technique.
In the present study we selected B. oligoza and B. peregrina for a more extensive analysis using snail populations from Brazil, Argentina and Uruguay and several enzymes. B. orbignyi was included due to the high morphological similarities with B. peregrina. B. oligoza and B. peregrina exhibited very similar profiles with DdeI and RsaI (data not shown) and B. peregrina presented some polymorphism when AluI and HpaII were used, so they did not allow an easy identification of the species. However, when we used AluI, B. peregrina from Brazil presented one particular band, of approximately 200 bp, which allowed the separation of these specimens from B. oligoza, as previously showed by Vidigal et al. (2000) . B. peregrina from Córdoba showed similar profiles to B. oligoza when the HpaII enzyme was used. These results mirror the high variability of B. peregrina and the high genetic similarity between these species. However, we can highlight that DdeI, AluI, HaeIII, HpaII and RsaI enzymes permitted the differentiation of B. peregrina and B. oligoza from B. orbignyi. The profiles obtained with all enzymes were used to construct phenetic trees using UPGMA that assume that all lineage have diverged on equal amounts. On the other hand, the NJ method, conceptually related to the traditional cluster analysis, does not make that assumption (Swofford et al. 1996) . In the tree produced, using UPGMA and Dice coefficient, the phenon line supported (Fig. 3 ) the presence of three groups: B. peregrina, B. oligoza and B. orbignyi, but suggests that B. peregrina and B. oligoza are more closely related than B. peregrina and B. orbignyi. Trees constructed using UPGMA and NJ clusters and distance coefficients supported the formation of two groups: one that clustered B. peregrina and B. oligoza, also suggesting that these species are more closely related, and another group that clustered all B. orbignyi populations. These two main clades were supported by high bootstrap values obtained after 1,000 replications showed in the UPGMA distance tree and statistical reliability when NJ cluster was used (data not shown). Although by UPGMA three clusters can be distinguished (Fig. 3) and by NJ only two, both analysis stress the high genetic similarity between B. peregrina and B. oligoza.
However, by morphological characters, B. peregrina is more similar to B. orbignyi than to B. oligoza. Indeed, typical specimens of B. peregrina and B. oligoza are easily distinguishable by the Fig. 3 : unweighted pair group method analysis dendrogram using Dice similarity coefficient of Biomphalaria peregrina (Bpr), B. oligoza (Bol) and B. orbignyi (Bor) constructed using the polymerase chain reaction-restriction fragment length polymorphism profiles produced with all enzymes used. The numbers shown are indices of similarity. The letters refer to species and the localities from where the snails originate. Population names follow Table. number of prostatic diverticula (B. oligoza exhibit a small number, 1 to 6, rarely 7, B. peregrina 8 to 22) but sometimes, and due to the variability of this character, some specimens may present similar number of the prostatic diverticula (B. oligoza maximum 7, B. peregrina minimum 8) making their identification very difficult. When this occurs, B. peregrina can only be identified by the presence of prostatic diverticula covering the spermathecal body (Paraense 1966 (Paraense , 1975a . The differentiation of B. orbignyi from B. peregrina is based on differences in male genitalia. The wider portion of the distal segment of the vas deferens is narrower than the middle portion of the penial sheath in B. peregrina and about the same width in B. orbignyi (Paraense 1975b) . Moritz and Hillis (1996) mentioned that the development of molecular systematic has not resulted in widespread refutation of data produced by morphological analysis. These authors reported that, in general, studies that incorporate both molecular and morphological data will provide much better descriptions and interpretation of the biological diversity of the organisms studied. Disagreement between morphology and molecular results suggests the complex relation among B. peregrina, B. orbignyi and B. oligoza. So, based on our results, we have proposed that phylogenetic relationships among these similar species should be clarified later by sequence analysis of the ITS region.
In a previous molecular study, B. peregrina showed more intraspecific variation when compared with B. intermedia, B. kuhniana and B. straminea ). The high intraspecific morphological and genetic variability observed here for B. peregrina may be attributed to its dispersion and wide distribution in the neotropical region, contrasting with low levels of variability and limited geographical distribution of B. oligoza and B. orbignyi species.
Additionally, the MvaI enzyme was used to separate B. peregrina, B. oligoza and B. orbignyi from B. havanensis obtained from different localities of Cuba (Fig. 2) , which has been reported as very similar to B. peregrina (Paraense 1975b , Yong et al. 1991 , 1995 . The last species is present in regions where B. havanensis and B. orbignyi were also reported . Thus, MvaI enzyme can be used to elucidate and confirm the identification of these snails when the morphological diagnosis is not sufficiently clear.
